CONTEXT AND OBJECTIVE: Sarcopenia is the main factor involved in the development of frailty syndrome. The aims here were to investigate relationships between lower-limb muscle strength and the variables of sex, age and frailty criteria; compare lower-limb muscle strength with each frailty criterion; and assess the power of each criterion for estimating the risk of frailty among elderly outpatients. DESIGN AND SETTING: Cross-sectional study at the Geriatrics Outpatient Clinic of a university hospital in Campinas. METHOD: A non-probabilistic convenience sample of 150 elderly people of both sexes who were followed up as outpatients was assessed. Sociodemographic data (sex and age) and physical health data (frailty criteria and the five-times sit-to-stand test) were gathered. Descriptive, comparative and multivariate logistic regression analyses were performed.
INTRODUCTION
Sarcopenia is the loss of muscle mass and consequent loss of muscle strength that is associated with the aging process. It seems to be the main factor involved in the cycle of the frailty syndrome. Furthermore, sarcopenia also represents the final common pathway in the pathogenesis of frailty syndrome. [1] [2] [3] [4] Frailty syndrome is a state of vulnerability to stressful factors that cause diminishment of physiological reserves, with subsequent reduction of homeostasis. 5 Fried and Walston 5 proposed that the factors involved included neuromuscular abnormalities, deregulation of the neuroendocrine system, dysfunction of the immunological system and a cycle of frailty. The main components would be chronic malnutrition, sarcopenia, decline in physical activities and totally consumed energy.
Sarcopenia is seen as the main contributor to the vicious cycle of frailty. Loss of muscle mass is responsible for reductions in the underlying metabolic rate and in physical activity, and these changes may lead to deregulation of energy production and consumption, thereby resulting in malnutrition. [2] [3] [4] [5] [6] In addition, the literature indicates that decreased muscle strength is associated with high levels of interleukin-6 and tumor necrosis factor alpha, and with low levels of growth hormones, growth factors similar to isoform insulin I and sexual hormones. 1, 6, 7 Fried et al. 8 established five criteria for diagnosing frailty:
involuntary weight loss, decreased walking speed, low levels of physical activity, exhaustion and decreased grip strength. Subjects are considered pre-frail in the presence of one or two frailty criteria and frail if they present three or more criteria.
Although the phenotype elaborated by Fried et al. 8 is frequently used in research internationally, some researchers have proposed a more simplified index to detect frailty, with the objective of facilitating clinical practice and identifying individuals at risk. [9] [10] [11] Purser et al. 9 evaluated 309 elderly people to investigate whether single measurements of physical performance, such as walking speed, five-times sit-to-stand test and grip strength might be good frailty indicators. They concluded that all of these measures, individually, were able to identify frailty.
The five-times sit-to-stand test is simple, fast, inexpensive and reproducible. Not much space or special equipment is required to perform it: a chair and a chronometer are enough. The five-times sit-to-stand test has been used in some studies [12] [13] [14] as an indicator of lower-limb muscle strength, and it is measured as the time taken to complete five repetitions of the sit/stand movement on an armless chair.
OBJECTIVE
The aims of the present study were: (1) to investigate relationships between lower-limb muscle strength and the variables of sex, age and frailty criteria among elderly outpatients; (2) to compare the lower-limb muscle strength of these elderly individuals with each frailty criterion; and (3) to assess the power of each criterion for estimating the risk of frailty among these individuals.
METHOD
This was a cross-sectional study, extracted from a larger study on frailty developed in the Geriatrics Outpatient Clinic of a uni- As many older adults as possible per day were approached to inquire about their willingness to take part in the study, their availability for an interview and their compatibility with the inclusion criteria. We were able to interview two older adults a day.
To identify frailty, the criteria of Fried et al. 8 were used with some adaptations, as follows:
-Involuntary weight loss of more than 4.5 kilograms or 10% of body weight over the last year.
-Exhaustion: Self-reported fatigue was investigated through two questions: "Did you feel that you had to make an effort to accomplish your habitual tasks?" and "Were you unable to do your things?" These were taken from the depression tracking scale developed by Radloff 16 at the Center for Epidemiologic Studies and validated in Brazil for the elderly population by Batistoni et al. 17 In the case of an affirmative answer for a period of three or more days of the previous week, the subject was graded as positive for exhaustion. -Low level of physical activity: This was graded positive for elderly people who were inactive or who performed physical activities < 2 times a week.
After the evaluation of frailty criteria, two groups were obtained: one group with one or two criteria (considered pre-frail) and the other with three or more criteria (considered frail), as suggested by Fried et al. 8 All of the subjects in this study presented at least one of the criteria.
To evaluate lower-limb muscle strength, the five-times sit-to-stand test was used. This forms part of the Short Physical Performance Battery instrument, which was proposed by Guralnik et al. 12 and adapted to the Brazilian Portuguese language by Nakano. 18 The test was undertaken using an armless chair that was 46 centimeters high from its seat to the floor. test were grouped together because of the small number of subjects with each score (n = 8 and n = 6, respectively).
For the present study, the following variables were extracted from the database of a larger study on frailty: personal identification, sociodemographic data, physical health, anthropometry, mobility and flexibility (walking speed and lower-limb muscle strength), physical activity, mini-mental state examination and state of depression (evaluation of the frailty criterion that was identified as exhaustion).
Descriptive statistical analyses were performed to draw up tables with absolute frequencies (n) and relative frequencies (percentages or proportions of answers) of the categorical variables. To compare the categorical variables between groups, the chi-square test was used, or when necessary (when the expected values were smaller than 5), Fisher's exact test was used. Multivariate logistic regression analysis was used when it was foreseen that classification in the category y = 1 was likely. P was used to analyze the estimated risk that three to five frailty criteria might be present, with regard to lower-limb muscle strength and other variables of interest. Elderly people with one or two frailty criteria were compared with those presenting three or more frailty criteria. The significance level adopted was 5% (P < 0.05). Comparison between the lower-limb muscle strength scores and the variables of interest showed that were significant associations with age (P = 0.044) and the number of frailty criteria (P = 0.010), as presented in Table 2 . Low scores (0 and 1) for lower-limb muscle strength correlated with greater numbers of elderly people aged 70 years or over and with greater numbers of frailty criteria.
RESULTS
The comparisons between lower-limb muscle strength and each of the frailty criteria (involuntary weight loss, exhaustion, decreased walking speed, low level of physical activity and reduced grip strength) are presented in Table 3 . Lower-limb muscle strength was significantly associated with the criteria of decreased walking speed (P < 0.001) and reduced grip strength Multivariate logistic regression analysis was carried out to study the risk of presenting frailty (three or more criteria) in relation to lower-limb muscle strength, with comparison between pre-frail and frail elderly people, as shown in Table 4 .
The odds ratio for the elderly people to be frail was 4.8 times higher among those who scored zero points for lowerlimb muscle strength and 3.5 times higher among those who scored one point.
Regarding the age variable, the elderly people aged 70 to 79 years presented an odds ratio that was 3.82 times higher, and for those aged 80 or over, the odds ratio was 2.83 times higher.
Variables Category n (%)
Age (in years) Table 1 . Description of sociodemographic characteristics and health of the subjects studied (n = 150)
Female sex corresponded to an odds ratio for frailty that was 1.85 times higher than shown by male sex. The odds ratio for frailty was highest among elderly females aged 70 years or over who also had low scores for lower-limb muscle strength.
DISCUSSION
The low performance in the five-times sit-to-stand test presented by most of the elderly subjects and the presence of at least one frailty criterion in all the subjects evaluated may be related to the profile of the elderly individuals attended at the Geriatric Outpatient Clinic that was used as the study field. These patients were either more than 80 years of age or more than 60 years of age if they had some degree of dependence.
In the study sample, the majority presented a low score in the test on lower-limb muscle strength. Table 4 . Multivariate logistic regression analysis for the risk of three to five frailty criteria in the sample studied (n = 150) C = 0.732 (model accuracy); OR = odds ratio for frailty; 95% CI = 95% confidence interval for odds ratio these scores). However, the present study differed from the studies by Barbosa et al. 20 on elderly people within the community and Ferreira et al. 21 on elderly outpatients, who both found that the majority of their subjects had higher scores in this test. On the other hand, differing from the present study, one of the criteria used by these authors was a requirement that the subjects should be in a condition to walk.
In relation to lower-limb muscle strength, there was a significant association with lower scores among individuals aged 70 years or over. This finding is consistent with other research. 20, 22, 23 In evaluations on elderly residents within the community, Barbosa et al., 20 Lord et al. 22 and Forrest et al. 23 found a significant correlation (P < 0.001) between the five-times sit-to-stand test
and age, such that the execution time for the test became longer with increasing age.
The results from the present study did not indicate any difference in the five-times sit-to-stand test between the sexes. This corroborated the results obtained by Singh et al. 24 among institutionalized elderly people, Mazza et al. 19 among elderly outpatients and Lord et al. 22 among elderly people living in the community.
On the other hand, studies by Barbosa et al. 20 among elderly people within the community and Aslan et al. 25 among elderly outpatients obtained significant differences (P < 0.005) in the fivetimes sit-to-stand test between the sexes, with higher scores for males. Barbosa et al. 20 explained this in terms of the greater presence of chronic sicknesses and obesity among the women in their study population and Aslan et al. 25 suggested that new studies should be conducted to clarify their findings.
In addition, low test scores for lower-limb muscle strength correlated with greater concentration of elderly people presenting three or more frailty criteria. In the literature consulted for this study, it was seen that few studies make reference to the relationship between lower-limb muscle strength, as measured by the five-times sit-to-stand test and frailty criteria, thereby making it difficult to compare these findings. However, the results from the study by Ottenbacher et al. 26 showed that lower-limb muscle strength measured through manual dynamometry was a strong predictor of frailty. The study by Boxer et al. 27 is noteworthy, since it found that the six-minute walk test could discriminate between pre-frail and non-frail elderly people suffering from heart failure.
Furthermore, comparison of lower-limb muscle strength with each of the frailty criterion allowed the observation that elderly people with lower scores presented positive scores for the walking-speed and grip-strength criteria. These results are similar to those obtained by Barbosa et al., 20 Singh et al. 24 and
Ottenbacher et al., 26 who found correlations between these variables. However, Ottenbacher et al. 26 used a different test to measure lower-limb muscle strength, instead of the five-times sitto-stand test.
The present study enabled the finding that female individuals aged 70 years and over whose lower-limb muscle strength scores were 0 or 1 presented a higher risk of frailty. The results from the studies by Fried et al., 8 Woods et al., 28 Ávila-Funes et al. 29 and Ottenbacher et al. 30 demonstrated significant correlations (P < 0.05) between female sex, advanced age and frailty. Ottenbacher et al. 30 only found an association between female sex and frailty, while Purser et al. 9 also found that the five-times sit-tostand test was a strong predictor of frailty. These findings show the relevance and applicability of this study, which makes it simpler to identify frailty risk groups through an easily applied lower-limb muscle strength test. It has also been widely reported in the literature [31] [32] [33] [34] [35] that, with exercise practice guided by qualified professionals, the loss of muscle strength due to aging is potentially reversible.
In the present study, the five-times sit-to-stand test was found to be sufficient for defining the loss of muscle mass. It presented an association with two out of the five frailty criteria (decreased walking speed and reduced grip strength) that are used to detect frailty syndrome. The simplicity of performing this test and comparisons between this test and the walking speed and handgrip strength tests make it easier and quicker to evaluate elderly individuals, thereby allowing its use in categorizing outpatients according to their risk of frailty.
CONCLUSION
The results obtained in this study reveal that diminished lower-limb muscle strength is associated with a higher risk of frailty. Diminished lower-limb muscle strength was observed among individuals of greater age (≥ 70 years) and larger numbers of frailty criteria (≥ 3 criteria), without differences between the sexes.
There are some limitations to the present study. Firstly, there was no group of elderly people without frailty criteria (i.e. non-frail individuals). This is possibly related to the profile of elderly patients attended by this Geriatric Outpatient Clinic. Nonetheless, it was still possible to prove the discrimination potential of the five-times sit-to-stand test. It was possible to identify significant differences in lower-limb muscle strength between the groups with one or two frailty criteria and with three or more criteria.
It also needs to be borne in mind that the elderly people of this sample presented particular characteristics and, therefore, the results should not be extrapolated to the general population. Furthermore, according to the results, using the lowerlimb muscle strength test instead of the handgrip strength and walking speed test may be enough for effective outpatient frailty screening. Thus, decreased lower-limb muscle strength in elderly patients should be evaluated thoroughly and is an important risk factor for frailty syndrome.
